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Abstract
In this paper, we suggest that there are two different individual 2D CFTs holographically dual to
the Kerr-Newman black hole, coming from the corresponding two possible limits — the Kerr/CFT
and Reissner-Nordstro¨m/CFT correspondences, namely there exist the Kerr-Newman/CFTs du-
alities. A probe scalar field at low frequencies turns out can exhibit two different 2D conformal
symmetries (named by J- and Q-pictures, respectively) in its equation of motion when the asso-
ciated parameters are suitably specified. These twofold dualities are supported by the matchings
of entropies, absorption cross sections and real time correlators computed from both the gravity
and the CFT sides. Our results lead to a fascinating “microscopic no hair conjecture” — for each
macroscopic hair parameter, in additional to the mass of a black hole in the Einstein-Maxwell
theory, there should exist an associated holographic CFT2 description.
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I. INTRODUCTION
The holographic principle [1, 2] and its first realization in string theory, i.e. the
AdS5/CFT4 correspondence [3–5] provided us new perspectives and methods in finding
quantum theory of gravity. Recent major advances made along this direction was began by
the searching of quantum gravity descriptions of the Kerr black hole, namely the Kerr/CFT
correspondence [6], together with its various generalizations [7–43]. The Kerr/CFT corre-
spondence was first proposed for the near horizon extremal Kerr black hole which contains
an AdS2 × S1 structure (a warped AdS3 structure with SL(2, R)R × U(1)L isometry), then
the left hand central charge cL = 12J of the dual 2D CFT was obtained by following similar
treatment in the AdS3/CFT2 duality [44] to analyze the asymptotical symmetries of the
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spacetime, where J is the angular momentum of the Kerr black hole. It was later shown
that the Kerr/CFT duality can be generalized to the near extremal Kerr black hole case by
studying the low frequency scattering process of external fields [9, 11]. For both the extremal
and near extremal Kerr black holes, the near horizon AdS2×S1 geometries play an essential
role in obtaining the central charges and conformal weights of the dual 2D CFTs. However,
when the black hole is non-extremal, there is no apparent near horizon AdS structures, thus
the usual AdS/CFT approaches do not work directly. Remarkably, it was suggested that a
generic non-extremal Kerr black hole should still dual to a 2D CFT based on the fact that
there exists a hidden 2D conformal symmetry which can be probed by a scalar field at low
frequencies [45]. For other extensions on the hidden conformal symmetry, see [46–58].
Among the generalizations of the Kerr/CFT correspondence, an interesting progress is
the studying of the CFT description of the Reissner-Nordstro¨m (RN) black hole, i.e. the
RN/CFT duality [14–17]. Since the RN black hole is non-rotating and it only contains
an AdS2 geometry in the near horizon (near) extremal limit, to follow the method of the
Kerr/CFT correspondence, one can uplift the 4D RN black hole into a five dimensional
spacetime, in which a U(1) symmetry in the 5D metric appears and then a (warped) AdS3
structure comes out in the (near) extremal near horizon region [14–16]. An alternative way
is to reduce the 4D RN black hole into two dimensions and investigate the stress tensors and
current of its 2D effective theory by analyzing the asymptotical symmetries [17]. Like the
Kerr black hole case, the RN/CFT correspondence is found not only valid for the extremal
and near extremal cases, but also for the non-extremal RN black hole, motivated by the
work of probing hidden conformal symmetry. Moreover, we showed that for the 4D RN
black hole, like its 5D uplifted counterpart, its holographic dual CFT should still be two
dimensional [46, 58]. A key observation made in [58] is that the U(1) symmetry of the
background electromagnetic field can be probed by a charged scalar field, and then the
hidden 2D conformal symmetry of the 4D RN black hole can be revealed. Consequently, a
dual CFT2 description is conjectured. The result in [58] indicates that the U(1) symmetry of
the background gauge field plays an equivalent role with that of the U(1) symmetry coming
from the rotation. This is actually part of the motivations for our present paper on exploring
the twofold hidden conformal symmetries of the Kerr-Newman (KN) black hole.
With the Kerr/CFT and RN/CFT correspondences in hand, naturally the next step is
to investigate the CFT duals for the KN black hole. There were some trials on this problem
but the results are incomplete [14, 48, 56]. The reason is that in all the above attempts, only
the angular momentum (J-) picture of the KN black hole was revealed, where the central
charges of the dual 2D CFT are cL = cR = 12J , which do not depend on the black hole
charge Q. Although this J-picture can reproduce correct entropy of the KN black hole and
other information of the dual CFT, it is still unsatisfied. Since geometrically, the KN black
hole will return to the Kerr black hole when Q = 0 while to the RN black hole when J = 0.
However, if one takes J = 0 in the J-picture, it will not recover the information of the
corresponding RN black hole. That is to say, a multiple CFTs dual to the KN black hole
is expected, more specifically, another Q-picture (in which the central charges will depend
on Q) should exist for the KN black hole. This is another part of motivations for our
present work. In this paper we will show that, there are indeed two different individual
2D CFTs dual to the generic non-extremal KN black hole, based on the fact that there are
twofold 2D conformal symmetries in the low frequency wave equation of the external scalar
field when we suitably turn on/off the couplings. Though these 2D conformal symmetries
are not derived from the geometry of KN black hole background except for near horizon
(near) extremal limits. Nevertheless, they should reveal the hidden conformal symmetries
of the KN black hole and could still be understood in a geometric picture which will be
discussed in the section of Conclusion. Our result indicates that each of the dual CFT
gives a complete holographic description for the KN black hole, which can be described as
a KN/CFTs dualities. Our suggestion is further supported by matching of the absorption
cross sections and real time correlators calculated in both the J- and the Q-pictures from
the gravity and the CFT sides. In addition, our work also leads to a fascinating “microscopic
no hair conjecture” — for each macroscopic hair parameter, in additional to the mass of a
black hole in the Einstein-Maxwell theory (with dimension D ≥ 3), there should exist an
associated holographic CFT2 description.
The outline of this paper is as follows. We first review some basic properties of the KN
black hole and study the scattering process of a probe charged scalar field propagating in its
background in section II. In section III, we will reanalyze the angular momentum J-picture
of the KN black hole in order to compare it with the Q-picture. This section include the
probing of hidden conformal symmetry, the calculation of absorption cross sections and real
time correlators. Then in section IV, we explore explicitly the charge Q-picture of the KN
black hole parallel to the J-picture. We give the conclusion in section V, and Appendix A
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list the symmetry and Casimir operators in AdS3 spacetime.
II. CHARGED SCALAR FIELD IN THE KERR-NEWMAN BACKGROUND
The general or unique axisymmetric black hole solution of the four-dimensional Einstein-
Maxwell theory
I =
1
16π
∫
d4x
√−g (R− F 2[2]) . (1)
is the Kerr-Newman (KN) black hole which are characterized by three macroscopic quantities
(hairs): massM , electric charge Q and angular momentum J = aM . In the Boyer-Lindquist
coordinates, the KN black hole is expressed as
ds2 = −∆− a
2 sin2 θ
Σ
[
dt+
(2Mr−Q2)a sin2 θ
∆− a2 sin2 θ dφ
]2
+ Σ
(
dr2
∆
+dθ2+
∆sin2 θ
∆− a2 sin2 θdφ
2
)
,
A[1] = −Qr
Σ
(
dt− a sin2 θdφ) , (2)
where
Σ = r2 + a2 cos2 θ, ∆ = r2 − 2Mr + a2 +Q2. (3)
The radii of black hole outer and inner horizons r±, the horizon angular velocity ΩH and
the chemical potential ΦH are
r± = M ±
√
M2 − a2 −Q2, ΩH = a
r2+ + a
2
, ΦH =
Qr+
r2+ + a
2
, (4)
and the corresponding thermodynamical quantities, i.e. the Hawking temperature and the
black hole entropy, are
TH =
κ
2π
=
r+ − r−
4π(r2+ + a
2)
, SBH =
A+
4
= π(r2+ + a
2), (5)
where κ and A+ are the surface gravity and area of the outer horizon, respectively.
Consider a probe charged scalar field scattering in the the KN black hole background,
the admitted motion is described by the Klein-Gordon (KG) equation
(∇α − iqAα)(∇α − iqAα)Φ = −µ2Φ, (6)
where µ and q are mass and electric charge parameters of the scalar field respectively. After
assuming the following mode expansions
Φ(t, r, θ, φ) = e−iωt+imφR(r)S(θ), (7)
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the KG equation can be decoupled into the angular and radial equations as
1
sin θ
∂θ(sin θ ∂θS)−
[
a2(ω2 − µ2) sin2 θ + m
2
sin2 θ
− λ
]
S = 0 (8)
∂r(∆∂rR) +
[
[(r2 + a2)ω − qQr −ma]2
∆
− µ2(r2 + a2) + 2maω − λ
]
R = 0, (9)
where λ is the separation constant. Furthermore, for a massless probe scalar field with
µ = 0, the radial equation can be further expressed in the following desirable form
∂r(∆∂rR)+
[[
(r2++a
2)ω − am−Qr+q
]2
(r − r+)(r+ − r−) −
[
(r2−+a
2)ω − am−Qr−q
]2
(r − r−)(r+ − r−)
]
R
+
[
ω2r2 + 2(ωM − qQ)ωr + ω2a2 − ω2Q2 + (2ωM − qQ)2]R = λR. (10)
Apparently, the potential terms in the second line can be neglected when we imposing the
following conditions: (1) small frequency ωM ≪ 1 (consequently ωa ≪ 1 and ωQ ≪ 1),
(2) small probe charge qQ ≪ 1 and (3) near region ωr ≪ 1. Moreover, the condition
ω2a2 ≪ 1 simplifies the solution of the angular equations to be the Legendre polynomials
and the separation constant should have the standard values λ = l(l+1). Finally, the radial
equation (10) reduces to
∂r(∆∂rR) +
[[
(r2+ + a
2)ω − am−Qr+q
]2
(r − r+)(r+ − r−) −
[
(r2− + a
2)ω − am−Qr−q
]2
(r − r−)(r+ − r−)
]
R = l(l + 1)R.
(11)
Remarkably, there are twofold 2D conformal symmetries encoded in the solution space of
the above equation (11). As we will see, the affiliated coordinates of the operators ∂r and
∂t (originating the frequency ω) compose the two dimensional base of the apparent AdS3
structure of the searching hidden conformal symmetry. However, there are two possible
candidates for the fibration — either the φ-coordinate associated with the mode parameter
m or the internal coordinate of the U(1) symmetry space connected with the electric charge
q of the probe scalar field. It turns out that each choice of fibration coordinate gives a
different apparent AdS3 and therefore, individual CFT2 description. For the choice of φ
coordinate, the corresponding field theory is an extension of the CFT dual to the Kerr
black hole — with the same central charges determined by the angular momentum but
generalized temperatures. This description, called the J-picture, has been well-investigated
recently in [48, 50] and we are going to reproduce the results, for comparison with another
picture, in this paper. The other choice of fibration, i.e. the internal U(1) phase, similarly
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gives a generalization of the RN/CFT correspondence in which the CFT central charges
are given by the charge of the black hole. The realization of the second description, called
Q-picture, is not so obvious by using the technique developed in [58] for the dyonic RN black
hole. All the details will be presented in the coming sections.
III. ANGULAR MOMENTUM (J-) PICTURE
A. Hidden Conformal Symmetry
In order to probe the J-picture CFT2 description dual to the KN black hole, one should
consider a neutral scalar field by imposing q = 0 as a probe and the equation (11) becomes
to (
∂r(∆∂r)−
[
(r2+ + a
2)∂t + a∂φ
]2
(r − r+)(r+ − r−) +
[
(r2− + a
2)∂t + a∂φ
]2
(r − r−)(r+ − r−)
)
Φ = l(l + 1)Φ. (12)
By identifying the coordinate φ as χ, then the left hand side of the above equation is just
the Casimir operator (A8) acting on Φ with the following relations of parameters
T JL =
r2+ + r
2
− + 2a
2
4πa(r+ + r−)
, T JR =
r+ − r−
4πa
, nJL = −
1
2(r+ + r−)
, nJR = 0. (13)
These results were derived recently in [48, 50]. In this picture, the probe scalar field does
not couple with the background gauge field, so it reveals essentially the angular momentum
dominated section of the dual field theory, resembling the dual CFT of the Kerr black hole.
The corresponding central charges are completely determined by the angular momentum
cJL = c
J
R = 12J = 12Ma. (14)
As the first supporting evidence, one can straightforwardly check that the CFT microscopic
entropy from the Cardy formula indeed reproduces the Bekenstein-Hawking area entropy of
the KN black hole:
SJCFT =
π2
3
(
cJLT
J
L + c
J
RT
J
R
)
= π(r2+ + a
2) = SBH. (15)
B. Scattering
For the further evidences to support the J-picture in KN/CFTs correspondence, we study
the scattering process of the neutral probe scalar field in the KN black hole background. We
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can compute, from the gravity side, the absorption cross section and the real time correlator
which can be verified in agreement with the corresponding results for the operator dual to
the scalar field in the 2D CFT.
The near region KG equation (11) can be solved technically easier in terms of a new
variable z defined by
z =
r − r+
r − r− , (16)
and the general solutions, after imposing q = 0, include ingoing and outgoing modes as
R
(in)
J = z
−iγJ (1− z)l+1 F (aJ , bJ ; cJ ; z),
R
(out)
J = z
iγJ (1− z)l+1 F (a∗J , b∗J ; c∗J ; z), (17)
in terms of the hypergeometric function F (a, b; c; z) labeled by the following coefficients
γJ =
ω(r2+ + a
2)−ma
r+ − r− ,
aJ = 1 + l − iω(r
2
+ + r
2
− + 2a
2)− 2ma
r+ − r− ,
bJ = 1 + l − iω(r+ + r−),
cJ = 1− i2γJ . (18)
There is an important relation among these coefficients: cJ − aJ − bJ = −2l − 1. Actually
the ingoing mode, more precisely its asymptotically behavior at the match region r ≫ M
(but still satisfying r ≪ 1/ω) already contained the necessary information for the absorption
cross section and real time correlator. The asymptotic form can be read out by taking the
limits z → 1 and 1− z → r−1, and the result for the ingoing mode is
R
(in)
J (r ≫M) ∼ AJ rl +BJ r−l−1, (19)
where two coefficients are
AJ =
Γ(cJ)Γ(2l + 1)
Γ(aJ)Γ(bJ )
, BJ =
Γ(cJ)Γ(−2l − 1)
Γ(cJ − aJ)Γ(cJ − bJ) . (20)
One more additional information can be obtained is that the conformal weights of the
operator dual to the scalar field should be
hJL = h
J
R = l + 1. (21)
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Hence, the coefficients aJ and bJ can be expressed in terms of parameters ω
J
L and ω
J
R
aJ = h
J
R − i
ωJR
2πT JR
, bJ = h
J
L − i
ωJL
2πT JL
, (22)
with
ωJL =
ω(r2+ + r
2
− + 2a
2)
2a
,
ωJR =
ω(r2+ + r
2
− + 2a
2)− 2ma
2a
. (23)
The essential part of the absorption cross section can be read out directly from the coefficient
AJ , namely
P Jabs ∼ |AJ |−2 ∼ sinh(2πγJ) |Γ(aJ)|2 |Γ(bJ)|2 . (24)
In order to compare the absorption cross section with the two-point function of the
operator dual to the probe scalar field, one needs to identify the conjugate charges, δEJL and
δEJR, defined by
δSJCFT =
δEJL
T JL
+
δEJR
T JR
. (25)
from the first law of black hole thermodynamics
δSBH =
1
TH
δM − ΦH
TH
δQ− ΩH
TH
δJ. (26)
One can get the the conjugate charges via δSJCFT = δSBH and the solutions are and the
solution [50]
δEJL =
(2M2 −Q2)M
J
δM −
(
M2Q
J
− Q
3
2J
)
δQ,
δEJR =
(2M2 −Q2)M
J
δM − M
2Q
J
δQ− δJ. (27)
The identifications of parameters are δM = ω, δQ = q and δJ = m. Since the probe scalar
field is neutral, in such case, we have
ωJL = δE
J
L(δM = ω, δJ = m; δQ = 0), ω
J
R = δE
J
R(δM = ω, δJ = m; δQ = 0). (28)
Therefore, one can straightforwardly verify the following relation for the imaginary part
of the coefficient cJ ,
2πγJ =
ωJL
2T JL
+
ωJR
2T JR
. (29)
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Finally, the absorption cross section can be expressed as
P Jabs ∼ (T JL )2h
J
L
−1(T JR)
2hJ
R
−1 sinh
(
ωJL
2T JL
+
ωJR
2T JR
) ∣∣∣∣Γ
(
hJL + i
ωJL
2πT JL
)∣∣∣∣
2 ∣∣∣∣Γ
(
hJR + i
ωJR
2πT JR
)∣∣∣∣
2
,
(30)
which is the finite temperature absorption cross section of an operator dual to the neutral
probe scalar field in the J-picture 2D CFT corresponding to the KN black hole.
C. Real-time Correlator
One can further check the real-time correlator [59] in the J-picture. The asymptotic
behavior of ingoing scalar field (19) indicates that two coefficients play different roles: AJ
as the source and BJ as the response, and the two-point retarded correlator is simply [40]
GJR ∼
BJ
AJ
=
Γ(−2l − 1)
Γ(2l + 1)
Γ(aJ)Γ(bJ)
Γ(cJ − aJ)Γ(cJ − bJ) , (31)
Following the identity cJ − aJ − bJ = −2l − 1, we can easily check that the retarded Green
function is
GJR ∼
Γ
(
hJL − i ω
J
L
2piTJ
L
)
Γ
(
hJR − i ω
J
R
2piTJ
R
)
Γ
(
1− hJL − i ω
J
L
2piTJ
L
)
Γ
(
1− hJR − i ω
J
R
2piTJ
R
) . (32)
Using the relation Γ(z)Γ(1− z) = π/ sin(πz) we have
GJR ∼ sin
(
πhJL + i
ωJL
2T JL
)
sin
(
πhJR + i
ωJR
2T JR
)
Γ
(
hJL − i
ωJL
2πT JL
)
Γ
(
hJL + i
ωJL
2πT JL
)
Γ
(
hJR − i
ωJR
2πT JR
)
Γ
(
hJR + i
ωJR
2πT JR
)
. (33)
Moreover, since the conformal weights hJL = h
J
R = l + 1 are integers so
sin
(
πhJL + i
ωJL
2T JL
)
sin
(
πhJR + i
ωJR
2T JR
)
= (−)hJL+hJR sin
(
i
ωJL
2T JL
)
sin
(
i
ωJR
2T JR
)
. (34)
From the CFT side, the Euclidean correlator, in terms of the Euclidean frequencies ωEL =
iωL, and ωER = iωR, is
GE(ωEL, ωER) ∼ T 2hL−1L T 2hR−1R ei
ω˜EL
2TL e
i
ω˜ER
2TR
Γ
(
hL− ω˜EL
2πTL
)
Γ
(
hL+
ω˜EL
2πTL
)
Γ
(
hR− ω˜ER
2πTR
)
Γ
(
hR+
ω˜ER
2πTR
)
,(35)
where
ω˜EL = ωEL − iqLµL, ω˜ER = ωER − iqRµR. (36)
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The retarded Green function GR(ωL, ωR) is analytic on the upper half complex ωL,R-plane
GE(ωEL, ωER) = GR(iωL, iωR), ωEL, ωER > 0, (37)
and the Euclidean frequencies ωEL and ωER should take discrete values of the Matsubara
frequencies (mL, mR are integers for bosons and half integers for fermions)
ωEL = 2πmLTL, ωER = 2πmRTR. (38)
At these frequencies, the retarded Green function precisely agrees with the gravity side
computation (33) up to a numerical normalization factor.
IV. CHARGE (Q-) PICTURE
A. Hidden Conformal Symmetry
For the Q-picture CFT2 description one should turn off the φ-direction momentum mode
of the charged probe scalar field, by imposing m = 0, and the the corresponding radial
equation, from Eq.(11), becomes to(
∂r(∆∂r)−
[
(r2+ + a
2)∂t + (Qr+/ℓ)∂χ
]2
(r − r+)(r+ − r−) +
[
(r2− + a
2)∂t + (Qr−/ℓ)∂χ
]2
(r − r−)(r+ − r−)
)
Φ = l(l + 1)Φ,
(39)
where the operator ∂χ acts on “internal space” of U(1) symmetry of the complex scalar field
and its eigenvalue is the charge of the scalar field such as ∂χΦ = iℓqΦ. The parameter ℓ
in principle can be any values reflecting an “ambiguity” in the holographic dual description
of the RN black hole. Actually, this parameter has a natural geometrical interpretation as
the radius of extra circle when the RN solution is considered to be embedded into 5D, for
more detailed explanation of ℓ, see [16, 58]. Similarly, the radial equation is just the Casimir
operator (A8) acting on Φ with the following identifications
TQL =
(r2+ + r
2
− + 2a
2)ℓ
4πQ(r+r− − a2) , T
Q
R =
(r2+ − r2−)ℓ
4πQ(r+r− − a2) , (40)
nQL = −
r+ + r−
4(r+r− − a2) , n
Q
R = −
r+ − r−
4(r+r− − a2) . (41)
In this picture, the momentum mode on the φ direction is turned off and such probe scalar
field is not able to explore the information related to the angular momentum. Therefore, it
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can reveal only the charge dominated subsection resembling the dual CFT of the RN black
hole. The corresponding central charges are
cQL = c
Q
R =
6Q3
ℓ
, (42)
and the CFT microscopic entropy matches the Bekenstein-Hawking area entropy of the KN
black hole (note that r+r− − a2 = Q2)
SQCFT =
π2
3
(
cQLT
Q
L + c
Q
RT
Q
R
)
= π(r2+ + a
2) = SBH. (43)
B. Scattering
As what we did for the J-picture, we are going to study the scattering process to find
further supports for the duality. In terms of new coordinate z defined in (16), the solutions
of the near region KG equation (11), with m = 0, also includes ingoing and outgoing modes
R
(in)
Q = z
−iγQ(1− z)l+1 F (aQ, bQ; cQ; z),
R
(out)
Q = z
iγQ(1− z)l+1 F (a∗Q, b∗Q; c∗Q; z), (44)
where the coefficients are
γQ =
ω(r2+ + a
2)− qQr+
r+ − r− ,
aQ = 1 + l − iω(r
2
+ + r
2
− + 2a
2)− qQ(r+ + r−)
r+ − r− ,
bQ = 1 + l − i [ω(r+ + r−)− qQ] ,
cQ = 1− i2γQ. (45)
Again, the relation cQ − aQ − bQ = −2l − 1 holds. The crucial asymptotically behavior of
the ingoing mode at the match region r ≫ M (but still satisfying r ≪ 1/ω) can be obtained
by taking the limits z → 1 and 1− z → r−1, and the result is
R
(in)
Q (r ≫M) ∼ AQ rl +BQ r−l−1, (46)
where the two key coefficients are
AQ =
Γ(cQ)Γ(2l + 1)
Γ(aQ)Γ(bQ)
, BQ =
Γ(cQ)Γ(−2l − 1)
Γ(cQ − aQ)Γ(cQ − bQ) . (47)
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As like the case in the J-picture, the conformal weights of the operator dual to the scalar
field are
hQL = h
Q
R = l + 1. (48)
Hence, the coefficients aQ and bQ can be expressed in terms of conformal weights (real part)
and two parameters ω˜QL and ω˜
Q
R (imaginary part)
aQ = h
Q
R − i
ω˜QR
2πTQR
, bQ = h
Q
L − i
ω˜QL
2πTQL
, (49)
where, unlike the J-picture, ω˜QL , ω˜
Q
R are composed by three sets CFT parameters: frequencies
(ωQL , ω
Q
R), charges (q
Q
L , q
Q
R) and chemical potentials (µ
Q
L , µ
Q
R) as
ω˜QL = ω
Q
L − qQLµQL , ω˜QR = ωQR − qQRµQR, (50)
with
ωQL =
ℓω(r+ + r−)(r
2
+ + r
2
− + 2a
2)
2Q(r+r− − a2) , q
Q
L = q, µ
Q
L =
ℓ(r2+ + r
2
− + 2a
2)
2(r+r− − a2) ,
ωQR =
ℓω(r+ + r−)(r
2
+ + r
2
− + 2a
2)
2Q(r+r− − a2) , q
Q
R = q, µ
Q
R =
ℓ(r+ + r−)
2
2(r+r− − a2) . (51)
The essential part of the absorption cross section can be read out directly from the coefficient
AQ, namely
PQabs ∼ |AQ|−2 ∼ sinh(2πγQ)) |Γ(aQ)|2 |Γ(bQ)|2 . (52)
Again, the conjugate charges in this picture
δSQCFT =
δEQL
TQL
+
δEQR
TQR
, (53)
can be solved according to the first law of black hole thermodynamics (26) and relation
δSQCFT = δSBH . The solution is
δEQL =
2ℓ(2M2 −Q2)M
Q3
δM − ℓ
(
2M2
Q2
− 1
)
δQ,
δEQR =
2ℓ(2M2 −Q2)M
Q3
δM − 2ℓM
2
Q2
δQ− 2ℓJ
Q3
δJ, (54)
The identifications of parameters are δM = ω, δQ = q and δJ = m. Since the probe scalar
does not have momentum mode along φ-direction, in such case, we have
ω˜QL = δE
Q
L (δM = ω, δQ = q; δJ = 0), ω˜
Q
R = δE
Q
R (δM = ω, δQ = q; δJ = 0). (55)
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Therefore, one can straightforwardly verify the following relation for the imaginary part
of the coefficient cQ,
2πγQ =
ω˜QL
2TQL
+
ω˜QR
2TQR
. (56)
Finally, the absorption cross section can be expressed as
PQabs ∼ (TQL )2h
Q
L
−1(TQR )
2hQ
R
−1 sinh
(
ω˜QL
2TQL
+
ω˜QR
2TQR
) ∣∣∣∣∣Γ
(
hQL + i
ω˜QL
2πTQL
)∣∣∣∣∣
2 ∣∣∣∣∣Γ
(
hQR + i
ω˜QR
2πTQR
)∣∣∣∣∣
2
,
(57)
which has the same form of the finite temperature absorption cross section of an opera-
tor with the conformal weights (hL, hR), frequencies (ωL, ωR) electric charges (qL, qR) and
chemical potentials (µL, µR) in the dual 2D CFT with the temperatures (TL, TR).
C. Real-time Correlator
In the Q-picture, the two-point retarded correlator is simple as well
GQR ∼
BQ
AQ
=
Γ(−2l − 1)
Γ(2l + 1)
Γ(aQ)Γ(bQ)
Γ(cQ − aQ)Γ(cQ − bQ) , (58)
Repeating the same analysis done in the J-picture, we firstly can easily check that retarded
Green function, by following the identity cQ − aQ − bQ = −2l − 1, is
GQR ∼
Γ
(
hQL − i ω˜
Q
L
2piTQ
L
)
Γ
(
hQR − i ω˜
Q
R
2piTQ
R
)
Γ
(
1− hQL − i ω˜
Q
L
2piTQ
L
)
Γ
(
1− hQR − i ω˜
Q
R
2piTQ
R
) . (59)
Then, by using the relation Γ(z)Γ(1 − z) = π/ sin(πz) we have
GQR ∼ sin
(
πhQL + i
ω˜QL
2TQL
)
sin
(
πhQR + i
ω˜QR
2TQR
)
Γ
(
hQL − i
ω˜QL
2πTQL
)
Γ
(
hQL + i
ω˜QL
2πTQL
)
Γ
(
hQR − i
ω˜QR
2πTQR
)
Γ
(
hQR + i
ω˜QR
2πTQR
)
, (60)
and, since the conformal weights hQL = h
Q
R = l + 1 are integers so that
sin
(
πhQL + i
ω˜QL
2TQL
)
sin
(
πhQR + i
ω˜QR
2TQR
)
= (−)hQL+hQR sin
(
i
ω˜QL
2TQL
)
sin
(
i
ω˜QR
2TQR
)
. (61)
At the Matsubara frequencies (38), the retarded Green function precisely agrees with the
CFT results (35-37) up to a normalization factor depending on qQL and q
Q
R .
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V. CONCLUSION
It is a remarkable result that there are two different individual 2D CFTs holographically
dual to the KN black hole. In fact this is an expectable result since from the gravity side,
the KN black hole will return to the Kerr black hole when Q = 0 while to the RN black
hole when J = 0. Thus it is probable to describe the quantum gravity description of the KN
black hole in terms of the Kerr/CFT or RN/CFT2 dualities. In this paper, we have explored
the twofold hidden 2D conformal symmetries in the generic non-extremal KN black hole by
analyzing the near region wave equation of a probe scalar field at low frequencies. Despite
the fact that these 2D conformal symmetries are not derived directly from the KN black hole
geometry, they should reflect the information of the background. The geometric picture of
the apparent AdS3 ∼ AdS2 × S1 structure could be understood in the follows. The radial
and the time coordinates (associated to the frequency mode ω) of the KN black hole serve
as the AdS2 base manifold. Besides, there are two possible choices for the U(1) fiber to form
an apparent AdS3 structure: either the φ-coordinate (associated with the momentum mode
m) or the internal phase of the probe scalar field (associated with the electric charge q), as
shown in Figure 1 (This geometric picture becomes more faithful in the near horizon near
extremal limit of the KN black hole). It is shown that each choice gives an individual CFT2
description, called the J-picture for the first choice coupled to the angular momentum, and
the Q-picture for the second one coupled to the background gauge field, dual to the KN
black hole. In both pictures, the CFT central charges are transcribed exactly from their
“descendants”, i.e. the Kerr/CFT and the RN/CFT2 correspondences, respectively. These
twofold dualities are further supported by the agreements of the entropies, absorption cross
sections and real time correlators computed from both the gravity and the CFT sides.
Therefore, in addition to the mass, every one of the other two macroscopic hairs of the
KN black hole, either the angular momentum or the charge, can provide an individual
holographically dual CFT2 description. Actually, it has been discussed that for the higher
dimensional rotating black holes, each angular momentum can provide an individual dual
CFT2, see for example [19, 26]. According to our results, the charge of black holes also
shares the same property. Hence, we conjecture that there should be a general property for
any black hole sourced by abelian gauge fields, which could be summarized as a “microscopic
no hair theorem”: for each macroscopic hair parameter, in additional to the mass of a black
15
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FIG. 1: Twofold conformal symmetries associated with the Kerr-Newman black holes.
hole in the Einstein-Maxwell theory (with dimension D ≥ 3), there should exist an associated
holographic CFT2 description.
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Appendix A: Symmetry and Casimir Operator of AdS3
The two sets of symmetry generators of the AdS3 space with radius L, in the Poincare´
coordinates: (w±, y),
ds23 =
L2
y2
(dy2 + dw+dw−), (A1)
are
H1 = i∂+, H0 = i
(
w+ ∂+ +
1
2
y ∂y
)
, H−1 = i
(
(w+)2 ∂+ + w
+y ∂y − y2 ∂−
)
, (A2)
H¯1 = i∂−, H¯0 = i
(
w− ∂− +
1
2
y ∂y
)
, H¯−1 = i
(
(w−)2 ∂− + w
−y ∂y − y2 ∂+
)
, (A3)
assembling two copies of the SL(2, R) Lie algebra
[H0, H±1] = ∓iH±1, [H−1, H1] = −2iH0. (A4)
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Thus the corresponding Casimir operator is
H2 = H¯2 = −H20 +
1
2
(H1H−1 +H−1H1) =
1
4
(
y2 ∂2y − y ∂y
)
+ y2 ∂+∂−. (A5)
Converting the Poincare´ coordinates (w±, y) to the coordinates (t, r, χ) by the following
transformations
w+ =
√
r − r+
r − r− exp(2πTRχ+ 2nRt),
w− =
√
r − r+
r − r− exp(2πTLχ+ 2nLt),
y =
√
r+ − r−
r − r− exp[π(TR + TL)χ+ (nR + nL)t], (A6)
we can directly calculate all the SL(2, R) generators in terms of black hole coordinates
H1 = ie
−(2piTRχ+2nRt)
[√
∆∂r+
nL(δ−+δ+)+nR(δ−−δ+)
4π
√
∆A ∂χ−
TL(δ−+δ+)+TR(δ−−δ+)
4
√
∆A ∂t
]
,
H0 = i
[
nL
2πA ∂χ −
TL
2A ∂t
]
,
H−1 = ie
2piTRχ+2nRt
[
−
√
∆∂r+
nL(δ−+δ+)+nR(δ−−δ+)
4π
√
∆A ∂χ−
TL(δ−+δ+)+TR(δ−−δ+)
4
√
∆A ∂t
]
,
and
H¯1 = ie
−(2piTLχ+2nLt)
[√
∆∂r−nR(δ−+δ+)+nL(δ−−δ+)
4π
√
∆A ∂χ+
TR(δ−+δ+)+TL(δ−−δ+)
4
√
∆A ∂t
]
,
H¯0 = i
[
− nR
2πA ∂χ −
TR
2A ∂t
]
,
H¯−1 = ie
2piTLχ+2nLt
[
−
√
∆∂r−nR(δ−+δ+)+nL(δ−−δ+)
4π
√
∆A ∂χ+
TR(δ−+δ+)+TL(δ−−δ+)
4
√
∆A ∂t
]
,
where
δ± = r − r±, A = TRnL − TLnR. (A7)
Finally the Casimir operator becomes
H2 = ∂r(∆∂r)−r+ − r−
r − r+
(
TL + TR
4A ∂t −
nL + nR
4πA ∂χ
)2
+
r+ − r−
r − r−
(
TL − TR
4A ∂t −
nL − nR
4πA ∂χ
)2
.
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